Interpretation : since we assume most of the proton momentum to be carried by the u and d quarks we conclude that about half of the net momentum is carried by other objects,!.e. neutral gluons.
This checks with neutrino experiments. There, one
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D. HORN
From t h e s l o p e of t h e energy i n c r e a s e of t h i s q u a n t i t y , one e s t i m a t e s e x p e r i m e n t a l l y ( i n t h e f ew-GeV r a n g e ) T h i s f o l l o w s by n e g l e c t i n g s,; , i . e . t a k i n g OC= 0 ,
Oc: is t h e Cabibbo a n g l e .
-1.7.
-E x p e r i m e n t a l l y 2N : gN = .38:.02 i n t h e r a n g e of few-GeV l a b o r a t o r y energy. Using t h e same approximations a s above one f i n d s
assuming V-A i n t e r a c t i o n s of t h e c u r r e n t w i t h t h e quarks. I n t e r p r e t a t i c m of t h e e x p e r i m e n t a l r a t e of M 1/3 : dominance of quarxs o v e r a n t i q u a r k s .
1.8.-T h i s may l e a d t o a p i c t u r e of "valence quarks"
and an SU(2) ( o r SU(3)) i n v a r i a n tsea. Some problem may a r i s e from t h e c h a r g e sum r u l e which l e a d s t o an experimental e s t i m a t e between .18
and .22 . Hence t h e r e e x i s t s a " p o l a r i z a t i o n of t h esea" f a v o u r i n g t h e dz o v e r t h e u i p a i r s i n t h e proThe b a s i c q u e s t i o n s a r e : a ) Are t h e r e wee hadrons produced i n p a r t o n i c proc e s s e s ? I f t h e answer is no then o b v i o u s l y one s h o u l d s e e hadrons w i t h p a r t o n (quark) quantum nlunbers. However even i f t h e answer i s y e s one can cont i n u e t o a s k : b ) Is t h e r e a r e t e n t i o n of quark quantum numbers 7
i . e . , do t h e hadrons t h a t a p p e a r i n t h e p a r t o n f r a gm e n t a t i o n r e g i o n c a r r y on t h e a v e r a g e t h e c h a r g e s (Q,B,S) of t h e p a r t o n ?
To be s p e c i f i c , l e t u s draw t h e p i c t u r e of t h e exp e c t e d s i t u a t i o n i n deep i n e l a s t i c s c a t t e r i n g . I n t h e ltparton b r i c k w a l l frame" we f i n d t h e momenta [ 2 ] s u g g e s t e d t h a t t h e r e s u l t i n g d i s t r i b ut i o n of hadrons w i l l l o o k l i k e -i n f i g u r e 1 , where
we s e e t h r e e f r a g m e n t a t i o n r e g i o n s -t h e proton r eg i o n , t h e h o l e r e g i o n ( p a r t o n i n ) and t h e p a r t o n r eg i o n ( p a r t o n o u t ) -and two i n t e r m e d i a t e r a n g e s which may develop p l a t e a u s : one is t h e r e g u l a r h a d m n p l at e a u w i t h r a n g e l n o and t h e o t h e r i s t h e new k i n d 2 of p a r t o n p l a t e a u w i t h r a n g e In(-q ). t o n . T h i s is however a f i n i t e e f f e c t on a n i n f i n i t e --s e a ( l i m xu = l i m xd 1 c o n s t . f o r x + O ) . Recent exproton p e r i m e n t a l r e s u l t s a l l o w f o r t h e p o s s i b i l i t y t h a t achadron p r o t o n t u a l l y 1/3 may be r i g h t a f t e r a l l .
.....
..... 
(e'e--+ 2;) \ 5 which i s s m a l l e r t h a n t h e p r e s e n t CEA e x p e r i m e n t a l r e s u l t s and seems t o be t h e f i r s t c l o u d on t h i s o t h e rwise s i m p l e a n d s u c c e s s f u l p i c t u r e .
2.-THE PARTON HADRON TRANSITION.-Some q u e s t i o n s a r i s e i f one goes one s t e p f u r t h e r and a s k s t h e qubst i o n how t h e p a r t o n s decay i n t o hadrons. T h i s was wid e l y d i s c u s s e d d~. i n g t h e l a s t y e a r and I w i l l t r y t o p r e s e n t h e r e a s h o r t review of t h e i s s u e s and answers.
Fig.1 S e v e r a l a u t h o r s r a i s e d o b j e c t i o n t o t h e p a r t o n
p l a t e a u ( a l s o known a s c u r r e n t p l a t e a u ) . Landshoff a n d P o l k i n g h o r n e [ 3 ] c l a i m t h a t a l l t h e p a r t o n res u l t s c a n be simply understood by u s i n g a c o v a r i a n t
p i c t u r e of t h e form of f i g u r e 2 i n which t h e b l o b r e p r e s e n t s t h e a m p l i t u d e of a hadron t o e m i t and abs o r b a parton. The b a s i c assumption to b e made is t h a t t h e parton-hadron amplitude i s damped i n t h e

C1-155 v i r t u a l mass of t h e p a r t o n ( i . e . a f a s t e r damping t h a n t h a t g i v e n by t h e p a r t o n p r o p a g a t o r only). T h i s 3 h o l d s i n cp t h e o r i e s t h a t u s u a l l y s e r v e a s models
f o r Rerge c a l c u l u s . I t is however a s t r l n g e n t assumpt i o n . I f t r u e t h e n o n l y diagrams l i k e f i g u r e 2 l e a d t o s c a l i n g . I n p a r t i c u l a r f i g u r e 3 , which shows an
o n a l Pomeron c c u p l i n g , h a s t o v a n i s h i f t h e parton-Pomeron v e r t e x i s damped i n mass. S i n c e t h i s diagram i s f o r b i d d e n i t a l s o t u r n s o u t t h a t t h e r e is n o p a r t o n p l a t e a u and t h e r e f o r e one should s e e o n l y t h e p a r t o n f r a g m e n t a t i o n r e g i o n and t h e l n w hadron i c s t r u c t u r e . (More s o p h i s t i c a t e d v e r s i o n s of t h i s model c a n account f o r a f i l l i n g of t h e r a p i d i t y gap by a l l o w i n g p r o d u c t i o n of h i g h m u l t i p l i c i t i e s which l e a d t o a slow approach t o s c a l i n g [4].
S i m i l a r r e s u l t s were o b t a i n e d f o r c l a s s e s of d i agrams by Kogut, S i n c l a i r and S u s s k i n d [5]. They cons i d e r e d m u l t i p e r i p h e r a l and p o l y p e r i p h e r a l diagrams i n cp3 and c u t o f f quark-gluon t h e o r i e s and c l a i m t h a t t h o s e diagrams t h a t s c a l e do n o t show a p a r t o n plat e a u . C a s h e r , Kogut and Susskind (CKS) 161 s u g g e s t an a lt e r n a t i v e t h a t was m o t i v a t e d by unpublished i d e a s of
Bjorken. I n s t e a d of h a v i n g a m u l t i p e r i p h e r a l c h a i n , t h e y s u g g e s t u s i n g diagrams l i k e f i g u r e 4.
One may t h e n s a y t h a t t h e c r e a t i o n of t h e p a r t o n p a i r s is by n o means a s h o r t -c o r r e l a t i o n p r o c e s s . I n s p a c e t i m e i t s h o u l d b e regarded a s a c o n t i n u o u s proc e s s t a k i n g p l a c e w h i l e t h e p a r t o n s a r e moving away from one a n o t h e r . F i g u r e 4 c o r r e s p o n d s t o t h e
+ -e e + h a d r o n s problem but a s i m i l a r p i c t u r e c a n b e drawn i n t h e e p c a s e . Whatever t h e mechanism is, we s h a l l e x p e c t t h e same mechanism t o show up i n t h e 2 e p and e+e-c a s e s , d e t e r m i n i n g t h e In(-q ) behav i o u r . Note t h a t s u c h i n t e r a c t i o n s were n o t i n c l u d e d i n f i g u r e s 3 and 4. I n p a r t i c u l s r t h e p o i n t -l i k e gluon-quark v e r t e x does not l e a d t o a damping of t h e k i n d assumed by Landshoff and Polkinghorne L e t u s r e t u r n now t o t h e quantum number r e t e n t i o n q u e s t i o n . I t was proposed by Feynman and withdrawn by him a f t e r t h e c o u n t e r arguments by F a r r a r and Rosner 171. The r e t e n t i o n c o n j e c t u r e s a y s t h a t i n t h e ( o u t g o i n g ) p a r t o n f r a g m e n t a t i o n r e g i o n t h e aver a g e c h a r g e s (2,B,S) should be t h o s e of t h e p a r t o n .
Simple models [7 ][8 ] of decay c h a i n s show t h a t t h i s i s n o t a n e c e s s a r y r e s u l t . Thus i n a model of qq p a i r p r o d u c t i o n i n t h e vacuus, we f i n d t h a t i n a d d it i o n t o t h e p a r t o n c h a r g e Q we s h o u l d 3ee t h e aveq r a g e c h a r g e of t h e e x i s t i n g p a r t o n p r o p a g a t o r
where Pqq o n l y i n a n <Q )q = Qq i s t h e p r o b a b i l i t y ofproduction. Thus SU symmetric s i t u a t i o n we should e x p e c t 3 , Otherwise t h i s s i m p l i f i e d model l e a d s Q + c ( a n d (~> = Q --c ) .
What about SU3 i n v a r i a n c e ? One o f t e n h e a r s t h e argument t h a t SU3 i n v a r i a n c e s h o u l d n o t be e x p e c t e d h e r e s i n c e i n t h e c e n t r a l r e g i o n of hadron r e a c t i o n s one o b s e r v e s more p i o n s t h a n kaons. T h i s argument h a s two f l a w s : a ) t h e p a r t o n p l a t e a u may be d i f f er e n t i n n a t u r e from t h e hadron p l a t e a u and t h e r e f o r e one cannot u s e i t a s a n argument ; b ) SU v i o l a t i o n 3 i n t h e meson spectrum does n o t mean SU3 v i o l a t i o n on t h e p a r t o n l e v e l , s i n c e t h e t r a n s i t i o n from p a rt o n s t o hadrons depends on t h e wave f u n c t i o n s of t h e l a t t e r . To be more s p e c i f i c , suppose you produce mainly t h e 1 -v e c t o r mesons, o r a 3 5 m u l t i p l e t of v e c t o r mesons ,and p s e u d o s c a l a r mesons, t h e n by a l l owing them t o decay i n t o t h e observed K and x mesons one o b t a i n s e a s i l y a r a t i o of d K > 4 .
A c t u a l l y i n a model of t h e t y p e of f i g u r e 4 w i t h s i n g l e t gluon exchanges one would e x p e c t an SU3 inv a r i a n t c z O . 
D. HORN s i o n a l m a s s l e s s QED t h a t t h e o u t g o i n g s t a t e s do n o t t h i s momentum i s absorbed by a p a r t o n ( s e e F i g . 5 ) .
i n c l u d e s t a t e s of s p i n 1/2, a l t h o u g h such f i e l d s e x i s t i n t h e Lagrangian. T h i s i s i n t e r p r e t e d by them a s a n e f f e c t i v e s c r e e n i n g of t h e c h a r g e by a l l meson f i e l d s . CKS s p e c u l a t e t h a t such a mechanism may work i n a t h e o r y of a c o l o r SU(3) of gauge f i e l d s .
A major achievement i n t h e f i e l d -t h e o r e t i c approac h e s was r e c e n t l y announced by Gross and Wilczek [ 9 ] and P o l i t z e r [lo], who observed t h a t non-abelian gauge t h e o r i e s have t h e i n t e r e s t i n g p r o p e r t y t h a t t h e 2 e f f e c t i v e c o u p l i n g c o n s t a n t s v a n i s h f o r -q -+ m , 
To summarize t h i s s e c t i o n , we may answer t h e quest i o n r a i s e d a t t h e beginning t h a t some c e n t r a l r e g i o n of hadrons ( p a r t o n p l a t e a u ) is expected t o develop. T h i s way a f r a c t i o n a l l y charged quark does n o t have t o be produced. The c h a r a c t e r i s t i c s of t h e p a r t o n
f r a g m e n t a t i o n r e g i o n a r e model dependent and l e a v e u s with v e r y i n t e r e s t i n g open q u e s t i o n s .
3.-LARGE ANGLE HADRON SCATTERING.-The main bulk o f h a d r o n i c c o l l i s i o n s o c c u r s i n t h e r e g i o n of low t r a n s v e r s e momenta. I n Feynman's language it c o r r e sponds t o i n t e r a c t i o n s between wee p a r t o n s of t h e two d i f f e r e n t hadrons. I n o r d e r t o s e e some t y p e of scal i n g phenomena analogous t o c u r r e n t i n t e r a c t i o n s one would l i k e t o l o o k a t some l a r g e -q2 . Such c a s e s a r e d i s c u s s e d i n this and i n t h e n e x t s e c t i o n . D e s c r i b i n g t h e emission and a b s o r p t i o n a m p l i t u d e s by two dimensional Gaussians, one r e t i l i z e s t h a t t h e -+ k' i n t e g r a t i o n l e a d s t o t h u s emphasizing t h e h a r d p a r t o n (
x n e a r 1 ) r e g i o n .
The form f a c t o r is o b t a i n e d by t h e f u r t h e r x i n t eg r a t i o n where we assumed an a m p l i t u d e (1-x)' f o r F2(x) which a p p e a r s i n s i d e t h e i n t e g r a l . T h i s e s t a b l i s h e s t h e Drell-Yan r e l a t i o n . F o r t h e p r o t o n w e choose y = 3 -2 i n o r d e r t o o b t a i n F -t
, which checks a l s o w i t h 3 t h e e x p e r i m e n t a l F2(x) -+ (1-x) .
x-t 1 I f t h e s p i n of t h i s h a r d ( x = 1) p a r t o n i s p a r a l l e l t o t h a t of t h e p r o t o n , t h e l a t t e r w i l l behave a s a p o i n t p a r t i c l e modified by an o v e r a l l t-dependence.
T h i s corresponds t o a n asymptotic GE = GM/(l+p ) P r e l a t i o n .
3.2.-An a l t e r n a t i v e approach i s t o assume a n a s y m p t o t i c power dependence a t b o t h l a r g e x and l a p g e t r a n s v e r s e d i r e c t i o n s . Thus B l m k e n b e c l e r , Brodsky I n s e c t i o n 1 we looked o n l y a t t h e l o n g i t u d i n a l and Gunion [13 ](BBG) t r e a t t h e form-factor problem d i s t r i b u t i o n s i n c e t h e r e was o n l y one v a r i a b l e i n by u s i n g two t h e problem. Here we w i l l have t o d i s c u s s both l o n g i -
with momenta p z ( p + t u d i n a l and t r a n s v e r s e d i r e c t i o n s i n t h e p a r t o n wave f u n c t i o n s . Two b a s i c approaches a r e found i n t h e l ipa = ( x p + t e r a t u r e . Fig. 6 in this approach [12] . We start with a proton moving and t h e y n o t e t h a t i n a B e t h e -S a l p e t e r approach i n w i t h a momentum * -+ -in the z-direction. I 
t o f f i n t h e t r a n s v e r s e d i r e c t i o n . . T h i s i s motivat e d by t h e o b s e r v a t i o n of t h e c u t o f f i n p a r t i c l e prod u c t i o n a t l a r g e pT . L e t u s l o o k a t a form f a c t o r
t is hit which one t r i e s t o s o l v e f o r t h e wave f u n c t i o n of by a photon w i t h momentum k p e r p e n d i c u l a r t o z and t h e bound s t a t e p i n terms of c o n s t i t u e n t s a and c PARTONS IN STRONG INTERACTIONS C1-157
o n e f i n d s n a t u r a l l y an e x p r e s s i o n of t h e form where 2 2 2
@ depends on t h e p o t e n t i a l . I n some s p e c i f i c examples @ i s a l s o a f u n c t i o n of S and t h e s e a u t h o r s u s e t h er e f o r e a n asymptotic e x p r e s s i o n YNS-" N(x) f o r t h e behaviour of t h e f u n c t i o n a t S -t ( i . e . b o t h a t
x + 1 and + m ) . N ( x ) i s supposed t o be smooth. Not e t h a t h e r e t h e c o r e (quark p a i r o r a n t i q u a r k ) and t h e quark a r e t r e a t e d symmetrically, whereas i n t h e p r e v i o u s approach t h e r e was a c l e a r asymmetry ( t h e p a r t o n was t r e a t e d " i n c l u s i v e l y " ) .
I n c n l c u l a t i n g t h e form f a c t o r one o b s e r v e s now t h a t a t l e a s t one of t h e p a r t i c l e s must have a compon e n t of l a r g e d and t h e r e f o r e i t t u r n s o u t t h a t t h e form f a c t o r w i l l behave l i k e t-n. BBG show s p e c i f i c a l l y t h a t f o r a quark of s p i n 1/2 and c o r e ( q q p a i r ) of s p i n 1 they o b t a i n GE
N t-n I n t . The behaviour of F ( x ) n e a r x + l i n t h i s model t u r n s o u t )2n-1 t o be F ~( 1 -x 2 s o t h a t t h e Drell-Yan r e l a t i o n i s obtained.
L e t u s t u r n now t o f i x e d a n g l e e l a s t i c s c a t t e r i n g ( f i x e d t / s , l a r g e s ) . Using t h e f i r s t approach one would s a y [12][14] t h a t t h e p r o c e s s i s due t o h a r d p a r t o n c o l l i s i o n s ( F i g . 7 )
; i n o r d e r t o t r a n s f e r t h e l a r g e t one h a s t o u s e X N C~ p a r t o n s and i f t h e part o n -p a r t o n s c a t t e r i n g were gluon exchange one would r e c o v e r t h e Abarbanel D r e l l -G i l m a n [15] r e a l amplit u d e t h a t l e a d s t o C , u F 4 ( t ) . I n a more g e n e r a l c a - t h a t a p o s s i b l e p a r a m e t r i z a t i o n is ( -t + 0 . 7 ) '~.~ f ( t / s ) which i s r e m i n i s c e n t of t h e f o r m -f a c t o r bohaviour a lthough w i t h a somewhat d i f f e r e n t power. The a p p a l i n g f e a t u r e i s however t h a t f ( t / s ) n e -23 tfs , which d o e s n o t l o o k l i k e any r e a s o n a b l e c r o s s -s e c t i o n . I t seems t h a t t h e o n l y way o u t is t o modify t h e mechanism.
Kogut and S u s s k i n d [14] suggested an analogy w i t h atom-atom c o l l i s i o n s , i n which t h e n u c l e i r e p r e s e n t t h e h a r d p a r t o n s and t h e e l e c t r o n s wee-partons ( x = l analogaus.to l a r g e mass, x 0 s m a l l mass). The l a r g e t c o l l i s i o n must t h e n t a k e p l a c e between t h e n u c l e i b u t an a d d i t i o n a l c o r r e c t i o n due t o e l e c t r o n exchang e s must appear. T h i s r e f l e c t s t h e motion of t h e e l e c t r o n c l o u d t h a t f o l l o w s t h e n u c l e i . I f o n e t r i e s t o implement t h i s approach i n c a l c u l a t i o n s and i nc l u d e s wee p a r t o n exchanges i n a d d i t i o n t o t h e h a r d p a r t o n r e a c t i o n [12] , t h e behaviour of f ( t / s ) c a n be The d i f f e r e n t approach of BBG [13] views t h e l a r g e a n g l e s c a t t e r i n g a s due t o p a r t o n exchanges. Thus i n AB + CD t h e y sum o v e r a l l diagrams of t h e t y p e of f i g u r e 8.
-L Each p a r t i c l e has a p a r t o n wave f u n c t i o n YL&S ?IL(x) L = A,B,C,D , and s i n c e l a r g e t means t h a t a t l e a s t t h r e e p a r t i c l e s p o s s e s s p a r t o n s w i t h l a r g e 5 t h e y o b t a i n where I i s some smooth f u n c t i o n of c o s e = Z . I n p a rt i c u l a r , a t 90' do- The pp:pp q u e s t i o n , which i s a problem f o r t h e h a r d -p a r t o n approach, i s a s u c c e s s here. S i n c e t h e r e i s a mismatch between t h e quarks and a n t i q u a r k s t h e a u t h o r s e x p e c t a r a t i o of p p : p p s l : 5 0 a t 90' (exp e r i m e n t a l l y it i s s l :I00 a t 5 CeV/c). T h e r e remains of c o u r s e t h e c o n c e p t u a l q u e s t i o n why one does n o t i n c l u d e h e r e diagrams i n which two q u a r k s i n t e r a c t r a t h e r t h a n g e t interchanged. A f t e r a l l a -4 2 d a p r i o r i t h a t s a v e s an s ( o r f ( s ) ) f a c t o r i n .
C1-158 D. HORN I n x p c o l l i s i o n s BBG t r e a t t h e problem by assuming t h a t t h e x h a s an
Should one t h i n k of t h e quark-quark i n t e r a c t i o n a s s o s t r o n g l y damped i n s ?
I n a r e c e n t paper Brodsky and F a r r a r [16] modified t h e BBG approach by emphasizing t h e d i f f e r e n c e b e t --weenands t r u c t u r e s . They o b t a i n t h e i n t e r e st i n g r e s u l t t h a t f o r c e r t a i n sets of diagrams i n a s p i n 1/2 -v e c t o r gluon t h e o r y , i n which a l l q u a r k s c a r r y f i n i t e p a r t s of t h e hadron momentum, m a t r i x e l e m e n t s have t h e s i m p l e form where n. ( n i s t h e number of incoming ( o u t g o i n g ) 1 f momenta. They a r g u e t h a t i f t h e bound s t a t e wave funct i o n does not modify t h i s r e s u l t , and f i x e d a n g l e dm s c a t t e r i n g w i l l s c a l e l i k e --s2-n f ( i ) where n d t i s t h e o v e r a l l number of quarks involved. T h i s l e a d s n a t u r a l l y t o d i f f e r e n t form f a c t o r s f o r p i o n s and p r o t o n s a s assumed i n t h e BBG approach [13], however meson-baryon and baryon-baryon r e a c t i o n s a r e e x p e c t e d now t o behave l i k e s-a and s-lo r e s p e c t i v e l y . Recent l a r g e a n g l e p r o d u c t i o n d a t a seem t o p r e f e r -4
s . F i t t i n g t h e s e d a t a w i t h t h i s approach i m p l i e s t h a t q-q s c a t t e r i n g must be more c o m p l i c a t e d , nevert h e l e s s t h e observed i n c r e a s e of m u l t i p l i c i t i e s w i t h I n pT i s a p o i n t i n f a v o u r of t h i s approach.
The o t h e r c a l s s of models, e.g. t h e BBG approach Other models t h a t can be c l a s s i f i e d i n t o t h i s same c a t e g o r y a r e t h o s e of Landshof f and P o l i n g h o r n e [3 1, and Amat i , Caneschi and T e s t a [19] , who develop t h e i r i n t u i t i o n f o r p a r t o n r u l e s from model t h e o r i e s l i k e m u l t i p e r i p h e r a l c h a i n s i n f i e l d t h e o r y .
I n summary, we s e e t h a t t h e a p p l i c a t i o n of p a r t o n t h a t l a r g e momentum-transfkr r e a c t i o n s of hadrons approaches t o hadron s c a t t e r i n g i s s t i l l f a r from haw i l l a l s o show some f e a t u r e s of p o i n t -l i k e i n t e rv i n g t h e simple f e a t u r e s and s u c c e s s which was met i n a c t i o n s , but we have s t i l l t o wait f o r t h e o r i e s and c u r r e n t i n t e r a c t i o n s ( s e e s e c t i o n 1). The hope i s experiments t o converge on some unique answer.
